In the transport lines of a normal conducting linear collider, the long positron bunch train can generate an electron cloud which can then amplify intra-train offsets. This is a transient effect which is similar to the electron-cloud driven coupled bunch instabilities in a positron storage ring. In this paper, we study this phenomenon analytically. Some criteria on the critical cloud density with respect to given collider parameters are discussed.
Introduction
In this paper, we study multi-bunch electron-cloud effect within linear theory. The coordinate system is shown in Fig. 1 . Physically, the electron cloud should overlap with the positron bunch train. However, to show the definition of the coordinates, we give the positron bunch train with some vertical lift in the plot. The physics problem is the following, assume the beam line begins at s = 0 at t = 0, we want to know how the bunch train is disturbed due to beam-electron-cloud interaction. The positive s direction is to the right, while the internal positron bunch train coordinate z is pointing to the left. where Eb = EZb with Zb being the bunch separation; zj jZb the distance of the j-th bunch from the first (zero) bunch; w(z) is the transverse wake due to the electroncloud. Causality requires that w(z) = 0 for z < 0. To approximate the buildup process, the current function is written
The electron-cloud buildup, a, will depend on the secondary electron yield, vacuum chamber geometry, etc. Equation ( (9) The wake due to the electron-cloud can be approximated as a single deflecting mode with loss, i.e., [3, 4] w(z) = e-"z sin(kez). (10) Notice that, we have put the amplitude in the parameter E. In very loose speaking, for the practical system, we are only interested in Eb being small. Otherwise, the system will not work. Hence, in the following, we will work out the first-order solution, and see how the electron buildup differs from that of a steady state.
Assuming ho(zj) = go(zj) = This yields (7* = XiSEbhl (Zj).
As a quick estimate, we take /V = 1, i.e., 1 oy initial j and hi (zj) -1, then given the electron-cloud densi the neutralization, we would have Ay*/(* '-2.6, w indicates that electron-cloud should be an issue.
To be more precise, we take .iV = 1, and h, (zj) I Eq. (11), and show the results in Fig. 2 , where th( solid curve stands for the steady-state result; the blue ted curve is for fast buildup, i.e., the buildup is withi bunches; the green dashed curve is for slow buildup w 100 bunches. Given these parameters, then it shows that to Ay*/u* < 10%, we need to keep ne < 2 x 1012 (rr Some details are shown in Fig. 3 . Since we choose g\ the results should be scaled accordingly with .iV. 
